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DOLI: 10. 14134 /j. enki. ¢n33-4336/f.2020. 07. 006

Does Female CEO Employ More Female Subordinates?

——An Empirical Study Based on Chinese Family Listed Companies
GUO Ping' CHEN Ling® YANG Xueru'
(1. School of Economics and Management South China Agricultural University Guangzhou 510642  China;
2. School of Management Zhejiang University Hangzhou 310058  China)

Abstract: There has always been a controversy in the academic circles about whether female superiors are more willing to
employ female subordinates. Based on the data of Chinese family listed companies from 2008 to 2016 this paper studies the influ—
ence of CEOs gender on the employment of female subordinates and the moderation effect of CEO’s family attribute. Research
results show that: first female CEOs in family businesses employ fewer female subordinates than male CEOs. Second compared
with family male CEOs non-family male CEOs and non-family female CEOs family female CEOs employ the least number of family
female subordinates. Similarly non-family female CEOs employ the least non-family female subordinates among all CEOs. The
paper expands the application situation of tokenism and enriches the research on gender and family business.

Key words: social identity theory; tokenism; family business; female executives

: 2020 -03 -25
: “ ”(17BGLO81) ;
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HIGHLIGHTS GRAPHICAL ABSTRACT

o This paper addresses the issue of battery
recycling transfer station site.
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ARTICLE INFO ABSTRACT
Keywords: This study is driven by a company engaged in renewable resource recovery. As the company’s battery recycling
Waste battery recycling market continuous continues to grow, the existing recycling facilities are unable to cope with the demand for

Best worst method

sorting and storage. As a result, there is an urgent need to identify a suitable electric vehicle battery recycling
Multi-criteria decision making

Facility location transfér statior.l (EVBRTS).to alleviate the. strfiin on.the recycling p.lant. The issue of electric \{ehicle b‘attery
Cumulative prospect theory recycling location has received scant attention in previous research, with a notable absence of studies focusing on
Sustainability EVBRTS location. Thus, the primary objective of this study is to establish an integrated decision-making
framework using the best worst method (BWM) and cumulative prospect theory (CPT) to determine the
optimal EVBRTS location. To achieve this goal, a panel of experts representing various sectors was assembled to
formulate five primary criteria and fifteen secondary sub-criteria across the economic, social, environmental,
technological, and resilience domains, drawing on existing literature and expert insights. The BWM method was
employed to determine the criteria weights, followed by a ranking of the alternatives using the CPT approach.
Furthermore, an integrated analytical model for the EVBRTS site selection evaluation index system was devel-
oped herein. A sensitivity and comparative analysis was carried out to demonstrate the practicality and
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robustness of the proposed method. A notable finding highlighted in this study is the significant impact that the
order in which the expert ratings information was aggregated had on the ranking results. Undoubtedly, this study
offers a fresh perspective based on resilience and sustainability for battery recycling managers to make informed
strategic decisions on site selection, thereby enhancing resilience in the context of EVBRTS site selection.

1. Introduction

Despite challenges like the impact of COVID-19 and supply chain
disruptions on the electric vehicles manufacturing and sales over the
past three years, the global electric vehicle market is experiencing rapid
growth as the automotive industry increasingly shifts towards electrifi-
cation [39,62]. According to the statistics, global new energy vehicles
deliveries increase by approximately 55% to 10.5 million in 2022
compared to 2021, and China, the world’s largest electric vehicle
manufacturer and the largest electric vehicle market, has increased its
sales of electric vehicles by almost 82% in 2022 compared to 2021.'
Electric vehicles are expected to gain market share as more environ-
mental policies are adopted and demand for green technology increases
[44]. While the environmental benefits of electric vehicles are recog-
nized, it is important to address the challenges posed by the electric
vehicle batteries. With the rise of electric vehicles, batteries as a critical
component of electric vehicles are experiencing a significant growth
trend. However, once the remaining capacity of an electric vehicle
battery decays beyond a certain point, the battery needs to be replaced
[28]. Further research is needed to develop effective strategies for
managing the significant volume of end-of-life electric vehicle batteries.

With the rapid growth of electric vehicles, many electric vehicle
batteries will reach the end of their life in the coming years [67]. As
power batteries contain many heavy metals and other toxic and haz-
ardous substances that are harmful to the ecosystem as well as to public
([82,17]), the benefits of electric vehicles will be reduced if waste bat-
teries are not properly managed. Fortunately, end-of-life electric vehicle
batteries can be recycled or disassembled to recover their useful metal
components. Battery recycling plays a key role in the transition to a
global circular economy, offering significant economic, environmental
and social benefits. This process not only facilitates the reuse of finite
resources but also helps to reduce negative environmental impacts [30].
More importantly, battery recycling also plays an important role in
promoting employment [26]. Battery recycling has a promising future
[48]. On the one hand, as the number of retired batteries increases
dramatically, economies of scale for battery recycling will become a
reality. On the other hand, battery recycling, as the last link in the chain
to develop new energy and environmental protection, is strongly sup-
ported by various countries in the battery recycling industry [64,71].
While recycling is a viable solution to the scarcity of raw materials for
batteries, significant investment is needed to improve and expand the
battery recycling infrastructure to alleviate the burden of inadequate
facilities.

This work is being driven by a renewable resource recovery company
seeking to build a robust battery recycling infrastructure in anticipation
of a surge in battery disposal. The primary concern is the strategic
location of waste electric vehicle battery recycling transfer station
(EVBRTS) to ensure sustainable development. Faced with operational
challenges and capacity limitations at the recycling center, the company
is seeking to alleviate the pressure by selecting a suitable EVBRTS as part
of its expanding battery recycling operations. The transfer station’s role
is to collect, sort, and store waste batteries, not to dismantle or dispose of
them. The strategic selection of EVBRTS sites is critical for effective
business management, since failure to make this choice can put business
operations at risk. Thus, the importance of EVBRTS site selection cannot
be overstated. The focus of this paper is to address this crucial decision-

1 https://www.ev-volumes.com/

making process in order to provide a resilient, sustainability-focused site
solution for the renewable energy company.

Sustainability is about meeting the needs of the present without
compromising the ability of the future [70]. Economic sustainability
emphasizes the importance of pursuing economic growth in a manner
that is sustainable, prioritizing long-term development over short-term
gains. Social sustainability advocates for equitable, inclusive, and sta-
ble societal development, ensuring that the needs of the majority are not
overshadowed by the interests of a few. Environmental sustainability
underscores the necessity of balancing economic benefits with envi-
ronmental preservation. Evaluation studies often utilize economic, so-
cial, and environmental criteria to assess sustainability across various
domains [5,54]. Furthermore, EVBRTS site selection is also influenced
by technical criteria, and technical criteria should therefore also be
considered when sitting battery recycling transfer stations. More
importantly, given the complex, changing and uncertain external envi-
ronment, resilience should also be considered when building a sustain-
able framework [14,60]. For example, when the market environment is
very good, whether the capacity of the potential location can meet the
market demand; and when the market environment is not good, whether
the potential location can cope with the changes in the market. Location
resilience refers to the ability of an organization to adapt and respond
quickly when faced with uncertainty and risk. This concept highlights
the importance of the flexibility and adaptability of the chosen site to
make timely and appropriate adjustments to maintain production and
supply stability in the face of unforeseeable events, market fluctuations
or mismatches between supply and demand. Therefore, it is crucial to
consider resilience criteria in EVBRTS site selection. Additionally, due to
the absence of precise and integrated analytical framework models for
determining the location of EVBRTS, this study utilizes insights from
academic literature and expert to develop a comprehensive set of
criteria. These criteria cover economic, social, environmental, technical
and resilience aspects and aim to fill the gap in the decision-making
framework for EVBRTS site selection.

However, the location of EVBRTS presents a complex and chal-
lenging scientific problem with many influencing factors. The primary
challenge lies in identifying the optimal EVBRTS location amidst various
evaluation criteria, including both qualitative and quantitative factors,
in order to mitigate decision-making risks. Traditional location alloca-
tion optimization models can usually handle quantitative criteria in site
selection, but are unable to capture qualitative criteria [16]. Conse-
quently, the traditional mathematical model approach is not applicable
to the problem of EVBRTS site herein. However, multi-criteria decision-
making (MCDM), which has proven to be a reliable and powerful tool for
site selection problems where qualitative and quantitative criteria exist
[18,65], has potential advantages in solving evaluation problems with
multiple evaluation criteria and complexity, which has led to its wide-
spread use in many fields, such as disaster risk assessment [42],
renewable energy rankings [34] and electric vehicle charging station
location [15]. In reality, given the differences in the knowledge and
experience of the experts, their assessment of qualitative criteria is often
subjective and ambiguous, and thus linguistic terms can be used to
assess qualitative criteria.

The growth of the battery recycling industry has highlighted the key
role of the EVBRTS sites within the recycling network. Despite their
growing importance, there is a noticeable lack of literature on EVBRTS
sites. This paper seeks to fill this gap by examining the issue of EVBRTS
location through the lenses of resilience and sustainability, thereby
contributing valuable insights to the existing literature. Specifically, this
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paper aims to answer the following research questions: i) What are the
resilient and sustainable evaluation criteria used for EVBRTS location?
ii) What MCDM method is employed to derive the significance of the
criteria? iii) Which MCDM approach is adopted to obtain the best
alternative? iv) How do the parameters in the proposed method have an
impact on the sorting results?

To address the aforementioned research questions, this paper out-
lines four key objectives: i) developing resilient and sustainable evalu-
ation criteria for selecting EVBRTS sites based on academic literature
and expert insights; ii) determining the criteria weights using the best-
worst method (BWM); iii) establishing alternative rankings through
cumulative prospect theory (CPT); and iv) validating the findings
through sensitivity analysis. To achieve these research objectives, a
hybrid MCDM approach that integrates BWM and CPT methods is pro-
posed. The methodology consists of three main steps: identifying eval-
uation criteria for EVBRTS sites, constructing an integrated analytical
framework model, applying BWM to calculate criteria weights, and
determining alternative rankings using the CPT approach.

The contributions we have made are highlighted in the following
threefold: i) To the best of our knowledge, the existing literature ignores
the EVBRTS problem. After identifying the characteristics of the EVBRTS
problem, this paper presents an integrated approach that combines
BWM and CPT methods to address the challenges of EVBRTS location.
The methodology integrates two effective decision analysis tools, which
helps to capture the decision maker’s risk preferences under uncertainty
and improve the reliability of location decisions. ii) The second contri-
bution of this study is the identification of an evaluation indicator sys-
tem for determining the location of EVBRTS from the perspective of
resilience and sustainability. Additionally, this study has developed a
comprehensive analytical framework model for this indicator system,
which can provide a valuable reference for the construction of similar
systems. Importantly, this paper provides practical methods and expe-
riences to guide future research on similar issues, as well as new ideas
and directions for decision-making in the field of battery recycling site
selection. iii) The ultimate contribution of this paper is to show, through
a comparative study, that the order in which expert evaluation infor-
mation is aggregated has a significant impact on the results. Further-
more, this study provides some key theoretical and managerial insights
that offer valuable inspiration and reference for EVBRTS managers.
These insights are important for advancing the science and standardi-
zation of electric vehicle battery recycling facilities.

The rest of this work will be structured in the following way: Section
2 provides an overview of the research that is relevant to this paper.
Section 3 presents the BWM and CPT methodologies and constructs the
EVBRTS sitting decision making analytical framework. Section 4 es-
tablishes the EVBRTS system of site selection evaluation criteria. In
Section 5, a case study is used to demonstrate the application steps of the
integrated methodology. Section 6 presents the sensitivity analysis, the
comparative analysis, the advantages of the proposed BWM-CPT method
and the managerial implications. Finally, Section 7 summarizes the
conclusions, research limitations and future important research
directions.

2. Literature review

This section provides a review of the extensive literature in three
dimensions: the application of BWM, the application of CPT, and the
location of electric vehicle battery recycling facilities.

2.1. Application of best worst method

Since Rezaei first proposed BWM in 2015 [57], the method has
received increasing attention from academics and industry and has had a
wide range of applications, for instance, company’s R&D performance
evaluation [61], site of the facility [33], supplier selection [23,58], and
circular economy barriers assessment [21]. Ahmadi et al. [3] examined
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the issue of social sustainability in the manufacturing supply chains and
identified the importance of criteria through the BWM approach, which
helps organizations to better manage the social sustainability aspects.
Rezaei et al. [59] studied logistics performance index by using BWM,
identified the importance of the criteria and provided a reference for
policy development for relevant logistics practitioners. Aboutorab et al.
[1] developed an approach that integrated Z-numbers and BWM to
address the uncertainty in the assessment information. Liang et al. [38]
presented a new consistency measure to compensate for the shortcom-
ings of the original and extended BWM, which further strengthens the
theoretical foundation of BWM. Wankhede and Vinodh [77] examined
the key challenges of applying Industry 4.0 technologies and applied
BWM to obtain the importance sorting of the key challenges. Liu et al.
[40] extended the BWM into D numbers and proposed the D-BWM to
deal with situations where assessment information is incomplete. Xiao
et al. [81] extended BWM in the q-rung orthopair fuzzy environment for
determining criteria weights in manufacturer selection. Dehshiri et al.
[11] used an improved BWM approach to evaluate the criteria for the
application of blockchain technology, which bridges the gaps in the
fuzzy BWM approach. Aghaloo et al. [2] used fuzzy BWM and
geographic information system to construct an assessment methodology
for hybrid renewable energy sites. Huang et al. [29] adopted the fuzzy
BWM to compute the subjective weights of the criteria.

Recently, publications have extended BWM to various fuzzy envi-
ronments, such as probabilistic linguistic [47], interval rough numbers
[13], interval-valued trapezoidal fuzzy numbers [73], interval-valued
number [52], interval type-2 fuzzy environment [68], intervals and in-
terval type-2 fuzzy sets [43], and rough probabilistic linguistic [86], etc.
These studies have undoubtedly contributed significantly to the theo-
retical and applied development of BWM.

2.2. Application of cumulative prospect theory

Since Tversky and Kahneman first proposed the CPT [72], it has been
the subject of a great deal of attention. As CPT is a powerful MCDM tool,
it has a wide range of applications. For instance, portfolio choice [24],
emergency response [41], charging station planning [37], risk analysis
[74], and departure time choice [19], etc., Baucells and Heukamp [8]
have made an important contribution to the theoretical development of
CPT by extending the second-order stochastic dominance condition to it.
Yang and Jiang [83] developed a stochastic consumer equilibrium
method based on CPT for the route choice model, and numerical results
show that the proposed method can better characterize risk preferences.
Because of CPT’s strength as a reflection of decision-makers’ risk
appetite, Wu et al. [80] have applied the CPT methodology to renewable
energy assessments, providing excellent insights for investors with
different risk appetites. Wang et al. [76] suggested a combined approach
of deploying quality function deployment and CPT to facilitate product
concept selection. Wu et al. [79] applied triangular fuzzy numbers
(TFNs) to describe the ambiguity of the assessment information and
introduced CPT to evaluate suppliers, showing that decision-makers’
psychological behaviour had a significant effect on the sorting results.
Zhao et al. [85] introduced CPT to multi-attributive border approxi-
mation area comparison (MABAC) in an intuitionistic fuzzy linguistic
environment, developed a novel method and validated the reliability of
the proposed method with a practical application. Besides, Zhang et al.
[84] proposed a method of grey relational analysis based on CPT in a
spherical fuzzy set environment, which was demonstrated through a
case study of supplier selection for emergency materials. To reduce
decision risk, Wang et al. [75] presented an MCDM approach that in-
tegrates CPT and ranking relationships and validate the powerful ad-
vantages of the method in portfolio selection with real data. Chai et al.
[9] extended CPT to deal with the uncertainty and ambiguity of evalu-
ation information in fuzzy sets, and validated the proposed method’s
effectiveness in a supplier selection case.

The existing literature indicates significant advances in theoretical
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and applied research on CPT, highlighting its effectiveness in elucidating
individuals’ decision-making processes and risk attitudes. Building on
this foundation, our study aims to use CPT in the context of site selection
for a waste battery recycling transfer station to gain deeper insights into
decision makers’ risk preferences and uncertainties. Despite the wide-
spread use of CPT in various domains, there is a noticeable lack of
studies investigating its utility in the specific domain of EVBRTS. By
filling this research gap, our work not only extends the scope of appli-
cation of the CPT, but also enriches its practical relevance in real-life
decision making scenarios.

2.3. Location of facilities in electric vehicle battery recycling

Facility location is a strategic decision for management, influenced
by numerous factors such as market demand, transportation infra-
structure, labor availability, operational costs, and government regula-
tions [6,10,32,69]. As a critical component of strategic decision-making,
facility location must consider the long-term implications and potential
risks [7,22]. Selecting the right facility location can result in improved
market development, enhanced service capabilities, reduced operating
costs, increased efficiency and increased market competitiveness for the
company. Recently, literature has been published on the facilities
location for electric vehicle batteries recycling. Wei et al. [78] built a
multi-objective mathematical model for waste battery recycling center
location and proposed a heuristic algorithm with objective ranking
method and greedy take-off to solve the optimization model. Hu et al.
[27] built a mathematical programming model for electric vehicle bat-
tery recycling, which was able to solve the problems of battery recycling
center location and vehicle transportation routes, and verified the reli-
ability of the model through case studies. Sherif et al. [63] presented an
integrated MCDM methodology to battery recycling station location and
constructed 18 sustainability evaluation criteria. Pamucar et al. [50]
developed a decision-making analytical framework model for waste
battery recycling centers and applied a realistic case study to demon-
strate the reliability of the proposed method. Tan et al. [66] developed
an integer planning model to determine the optimal location and
transport routes for battery recycling plants, taking into account cost
minimization and customer satisfaction maximization objectives.
Hezam et al. [26] constructed an evaluation system for battery recycling
plants on the basis of environmental, economic, social and technical
criteria and used the MCDM methodology to obtain the best sorting
results. Puviarasu et al. [51] proposed an integrated fuzzy decision
making trial and evaluation laboratory (DEMATEL), BWM and tech-
nique for order preference by similarity to an ideal solution (TOPSIS)
method for the location of battery recycling plants.

Based on the findings of the literature review, the predominant focus
in the realm of battery recycling facility location research has been on
recycling centers, employing methods such as mathematical optimiza-
tion models and MCDM approaches. However, as the volume of battery
recycling continues to escalate rapidly, recycling plants facing capacity
constraints must seek suitable battery recycling transfer stations to
alleviate potential operational pressures. Consequently, in contrast to
the prevailing literature, this study addresses the critical issue of battery
recycling transfer stations site selection. Despite the inherent complexity
of determining optimal transfer station locations, scant scholarly
attention has been devoted to this specific aspect of the battery recycling
process. To fill this research gap and improve the understanding of
electric vehicle battery recycling logistics, this study develops a
comprehensive MCDM framework integrating BWM and CPT to provide
valuable insights for industry practitioners and decision makers.

3. The proposed method for EVBRTS site selection
The aim of this section is to introduce the BWM and CPT methods and

to propose an integrated analytical framework model for EVBRTS site
selection.
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3.1. The best worst method

The BWM method is commonly used to calculate criteria weights, as
it enables consistent outcomes to be achieved with minimal comparative
information. This section outlines the BWM method for assessing in-
formation, following the procedure below.

Step 1. Identification of the criteria to be used in the decision-
making process. Assume that the decision maker determines the
criteria to be C = (c1,c2, -+, Cp).

Step 2. Identification of the best criterion Cy and the worst criterion
Cw. It should be noted that the best criteria are those considered by
experts to be the most important, while the worst criteria are the least
important. If the expert considers that there are several best or worst
criteria, then the choice can be arbitrary [46].

Step 3. The best-to-others (BO) vector is determined by comparing
the best criterion Cg with the others, and is given in the following form:

BO = ((1317(132-,"'-,aBi-,"'-,aBn)7 (€9)

where ap; denotes preferring the best criterion to the other, and ag; > 1,
i=1,2,-,ni+#B.

Step 4. Compare the worst criterion Cy with the others to determine
the Worst-to-Others (WO) vector, which is given as follows.

WO = (aw, Gaw, -, Qiw, ***, Gnw ), 2)

where aj denotes preferring the worst criterion to the other, and a; >
1,i =1,2,---,n,i # W. Note that in steps 3 and 4, a number from 1 to 9 is
used to indicate the comparative value of the criteria given by the
expert.

Step 5. A mathematical model is developed to determine criteria
weights. To obtain criteria weights, we need to ensure that the

s~ api

o are minimized,
i

maximum absolute differences and x’—;v — iy

and the following mathematical model is developed.

P1: minmax{ ’@7 ag;|, ’ﬂ — Qiw } 3
i w; Ww
n
s.t Zw,- =1 (4
i=1
w;>0,i=1,2,--,n (5)

Indeed, P1 is a non-linear model and to facilitate model solving, ¢ is
introduced to represent the maximum absolute difference, then we can
transform the model P1 into a linear model like this:

P2 : miné

Wp

wi

w;

Vi gl <t ®)
w

The criteria weights w = (wy,ws, -+, w,) can be obtained by solving
model P2.

3.2. Cumulative prospect theory
CPT is a psychological theory that sheds light on real-world decision-

making and behaviors, describes how individuals make choices in un-
certain situations. CPT emphasizes that human decision-making is
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impacted by subjective probabilities and how they perceive potential
gains and losses. In this paper, we use the CPT method, which captures
the risk attitudes of decision makers, for the determination of the
optimal EVBRTS location. The steps below are an outline of the process:

Step 1. Assume that there are K(k = 1,2, ---,K) experts, where the
weight of expert k is w¥, and collect the criterion evaluation information

of expert k on alternative, expressed by TFNs (;{j, tg, ES) And the eval-

uation information for expert k is represented by the following matrix

T* — (E’§1vr’2(1vle)v (Elﬁzv‘tléz E’;z)v ,(f;m,té‘m,fgm) , )
(B s o) (B B2 Ba) s (Lo B )

where i(i = 1,2, ---,n) denotes the criterion and j(j = 1,2, ---,m) denotes
the alternative. In this paper, as both quantitative and qualitative
criteria are involved, we can use crisp value to express the quantitative
criteria, which is then converted into the TFNs; while we can apply the
linguistic terms to express qualitative criteria, in relation to the corre-
sponding TFNs as shown in Fig. 1. Besides, the interval value (a,b) can

be transformed into a TFN (a, “—;b, b) if the expert’s evaluation infor-

mation is an interval value. If the evaluation information is a crisp value
¢, then it can be translated into a TFN (c,c,c).

Step 2. The evaluation information matrix T% for expert k is
denote the normalized matrix of T*. Then it can

nxm
be normalized by the following Eq. (8). In addition, the fuzzy evaluation

normalized. Let {?ﬂ

matrix {?ﬂ of expert k is defuzzified by Eq. (9). Thus, the matrix of

nxm

crisp values for expert k is obtained as Tk = [zg] .
nxm

6 4 8 o
s — — | » for benefit criterion
maxt; maxt; maxt;
- J J J
(5.7) = ®
mintt mintf mint}
e e ,for cost criterion
ke N
v 4

Step 3. Determine reference point. The choice of reference point is
crucial for the CPT method. In this paper, we use the average value as the
reference point in the CPT method. Thus, we apply the Eq. (10) to
calculate the average values, denote RP¥.
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M=

A
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—
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—-

RP: — a0

m
where m indicates the number of alternatives.

Step 4. Determine gain and loss value. Let x{j represent the expert k’s
gain or loss value for alternative j. If the difference between the values of
the reference point and the evaluation data exceeds zero, this difference
represents the gain. Conversely, if the difference obtained by subtracting
the value of the reference point from the value of the assessment in-
formation is a negative number, then this difference is the loss value.
The expressions are as follows.

xt = 2X — RPY.

i i i

11

Step 5. Determine the prospective value v(x{j) Let v* (x{j) and
V- (xk

u‘) represent decision weights with regard to gain and loss,

respectively. Then V(x’lj) can be obtained by

v(xl;) -

() = () o
v () = —o( —x’.‘>ﬁ,ifx§. <0’

i
where a and f represent the exponential parameters of gain and loss
respectively, and 0 <a, <1, while 6 denotes the risk aversion
parameter of the decision maker, 6 > 1.

Step 6. Determine decision weights ﬂ()({j) Let 7" (xg) and 7~ (xf;)

represent decision weights with regard to gain and loss, respectively.
The decision weights are then determined by the following equation.

u

w;

+ ):k — i
i < lJ) - PREVCE

W]+ (1 —wy)"]

12)

ifxk>0

lj -
7(x) = o 3
m () = —— T ifx <0
W?+ (1 —w)’]

where w; indicates the criterion i’s weight derived by the BWM, 5 and §
indicate the decision maker’s risk preferences for gain and loss, 0 < 7,
o<1

Step 7. Determine the expert k’s cumulative prospect value V]k of
alternative j by Eq. (14). It is worth noting that, to facilitate the calcu-
lation, the gain and loss values for each alternative need to be ranked in
descending order. Those with subscripts 1 to t are the gain values, while
those with subscripts t + 1 to n are the loss values. Finally, use the Eq.
(15) to calculate the weighted cumulative prospect value V;.

V= 2w () () + 2 () (<)

14

A . :
1 Veg/[‘,’;’or Poor (P) S“glztslﬁ)po"r Fair (F) gos(i’glztslé) Good (G) Veg,g‘)"’d
! ! ! ! ! ! !
! ! ! ! ! ! !
! ! ! ! ! ! !
! ! ! ! ! ! !
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0 V14 17 314 27 54 3T T4 47 914 57 1114 67 1314 1

Fig. 1. Linguistic terms corresponding to the TFNs.
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1

K
15)
k=

where w* denote the weight of expert k, and S5 wk = 1.

3.3. Decision framework of the EVBRTS site selection

As EVBRTS location has a key role to play in battery recycling in a
circular economy, however, the lack of an integrated framework liter-
ature on EVBRTS location limits the development of corporate battery
recycling operations at scale. This study thus applies BWM and CPT
approaches to develop a decision framework for EVBRTS site selection,
as shown in Fig. 2. The first step is to identify a list of experts in the
various fields and establish an EVBRTS site selection decision group;
then a system of evaluation indicators is defined based on academic
literature and expert opinion; finally, experts provide information on the
evaluation of options and criteria. In the second stage, the BWM can be
used to derive criteria weights. In the final stage, the CPT method is used
to determine the prospect values of the alternatives and then the best
alternative is selected. It should be noted that in the CPT method, the
quantitative data collected needs to be transformed, as shown in step 1
of the CPT method description. The adoption of a site decision frame-
work that integrates BWM-CPT methodologies can improve the scien-
tific and accuracy of decision making. On the one hand, quantitative
assessment and comprehensive consideration of multiple factors can
avoid subjective bias and arbitrary decision-making, ensuring more
objective and rational site selection decisions. On the other hand, by
developing a decision framework based on the BWM and CPT methods,
the efficiency and accuracy of site selection can be improved, providing
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scientific guidance to companies and promoting the large-scale devel-
opment of the battery recycling business. Most importantly, the inte-
grated BWM and CPT methods framework proposed herein can be
applied to other similar site problems.

This paper constructs a hybrid MCDM theoretical framework for
EVBRTS site selection. The main reasons for using a hybrid MCDM
instead of a single MCDM method are as follows. First, hybrid MCDM
methods can overcome the limitations of a single MCDM method,
consider the decision problem in a more comprehensive and multi-
perspective way. Each MCDM method may have its own advantages
and limitations, and using a mixture of them can compensate for the
shortcomings of a single method to improve the comprehensiveness and
accuracy of the decision-making. Second, hybrid MCDM methods can
improve the robustness of the decision. Using multiple MCDM methods
can increase the robustness of decision making and reduce the depen-
dence on a single method. When different methods produce similar re-
sults, it can increase confidence in decision making; when the results are
inconsistent, it can help decision makers to consider different factors
more fully to make more informed decisions. Third, hybrid MCDM
methods can increase credibility of decision making. The credibility and
persuasiveness of decisions can be improved by using a mixture of
MCDM methods. Different methods may perform better in different
ways, and using them in combination can reduce subjectivity and bias,
making decisions more objective and credible.

The BWM and CPT methods proposed in this paper are particularly
suitable for the site selection of battery recycling transfer stations. In the
decision making of battery recycling transfer station location, decision
makers need to consider many factors such as accessibility, environ-
mental impact, cost and other attributes, as well as a weighting method
that is intuitive and has a visualization process. For this reason, this
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I Stage 1 . . x g ey : i
| Established the WEVBRTS site selection decision committee ||
| 4
| N\
m—ﬂ [ Identify site selection evaluation criteria and sub-criteria : End
| {
| )
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P 7 | — - — !
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| criterion ¢y, T normalized and defuzzified by the Eqs. (8)-(9) |
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|| Step 3. Compare the best criterion C, withthe || || (10) o _ Zfazy |
I| others BO = (agy,agy, -+, agi, -+, agy) bl = i |
N J|IN T /|
I v e ~N |
: Step 4. Compare the worst criterion Cy, with :_ : Step 4. Determine the value 'fi)f gain and loss x, :_
|| theothers WO = (ayw, azw, ) Qiw, ***» Q) [ kforaltemanvej Xij =2ij =2, V] )1
\ J I I
: - | :' - s — |
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Fig. 2. Decision framework for EVBRTS site selection.
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paper finally adopts the BWM method by comparing it with other
weighting methods, because the BWM method can help determine the
best and worst performance of each alternative in terms of each attri-
bute, and help decision makers understand the advantages and disad-
vantages of each alternative more clearly, which helps to make a
reasonable choice. Moreover, the BWM method can provide decision
makers with an intuitive basis for decision making on the location of
battery recycling transfer stations, which contributes to the trans-
parency and visualization of the decision-making process. In the process
of ranking the alternatives, the battery recycling transfer station location
decision maker needs to consider the uncertainty factors and the po-
tential gains and losses of the preference choices, however, among the
many ranking methods, the CPT is very suitable because the CPT method
combines the probability distributions and the decision maker’s pref-
erences to consider the impacts of these uncertainties on the location
decision, helping the decision maker to make a more robust decision. On
the whole, the BWM and CPT methods are very suitable for resilient and
sustainable used EV battery recycling transfer station site selection,
which provides scientific and effective decision support for decision
makers, and helps to formulate the optimal site selection plan in line
with the sustainable development goals and actual situation.

4. Evaluation indicator system

The importance of the evaluation indicator system for site selection
cannot be overstated, as the evaluation criteria form the foundation for
EVBRTS site selection. It is therefore undeniable that the establishment
of a comprehensive and scientifically sound evaluation criteria system
for EVBRTS site selection is important. Despite the abundance of eval-
uation criteria for facility location in the existing literature, there is a
noticeable gap in the discussion of the evaluation index system specific
to EVBRTS in the context of the circular economy. This gap may be due
to the specific characteristics of EVBRTS sites, which are the subject of
particular attention and research.

This paper summarizes the following typical characteristics of

—P| Expert 1 Expert 2
Engineering Environmental
| sector protection sector

Form a decision making committee

Expert 3
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EVBRTS site selection: i) Electric vehicle batteries are hazardous, and
when sitting a recycling transfer station, it is essential to consider the
potential contamination of soil, water, and air; ii) The location of
EVBRTS should consider accessibility to transportation routes, utilities,
and waste treatment facilities; iii) EVBRTS may face opposition from the
local community due to concerns about environmental pollution, safety
risks, and potential negative impacts on property values; and iv) Setting
up an EVBRTS involves significant costs for land acquisition, construc-
tion, equipment and ongoing operation and maintenance, and it is
therefore crucial that these costs are carefully weighed against the
benefits of recycling electric vehicle batteries when making decisions.
Thus, considering the fundamental characteristics of EVBRTS outlined
above, this paper establishes site selection criteria for EVBRTS that
integrate resilience and sustainability objectives.

This paper constructs an analytical framework for the EVBRTS
evaluation index system to further realize the scientificity and validity of
the criteria selection, as shown in Fig. 3. Firstly, Company H invited five
experts from the engineering department, environmental protection
department, operation department, university and finance department
to form the EVBRTS site selection decision committee, all of whom have
rich working experience and educational background, with basic in-
formation as shown in Table 1. Next each expert individually reviewed
the relevant literature to screen out potential evaluation criteria and
summarize the evaluation criteria provided by the experts. All experts
discussed the screened criteria centrally, retaining the relatively
important ones. The rationality of the indicator system was evaluated
and adjusted through a questionnaire survey, and the EVBRTS evalua-
tion index system was finally established.

Through a rigorous selection of EVBRTS criteria by experts, the
structure of evaluation index systems constructed herein is shown in
Fig.4 and contains economic, social, environmental, technical and
resilience criteria. A detailed description of the EVBRTS site selection
evaluation criteria is shown in Table 2.

Expert 4

9

College

Expert 5

(A4

College

Operations
sector

Establish an initial evaluation index system for EVBRT Ssite selection

|

v —

Full guidance

Feedback
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v |
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v I
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te multiple discussions
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Fig. 3. Analysis framework of t

he designed evaluation index system.
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Table 1
General information about the experts.
Experts Occupation Education Experience (years) Position Weight
El Industry Undergraduate 25 Engineering manager 0.15
E2 Industry Master 28 Environmental manager 0.2
E3 Industry Master 35 Operation manager 0.2
E4 Academia PhD 22 Professor 0.2
E5 Academia PhD 29 Professor 0.25
oy Cl
N Capital investment ——> Cost |7
: ( ; Cc2
— Economic %—ﬁ Operation cost —————> Cost
. . C3
—> Distance fromrecycling center ———> Cost
C4
> Acceptable level ——> Benefit
: ‘ s > Al |
—> Social %—ﬂ Job opportunity ————> Benefit —
: C6
~>| Safety protection —— > Benefit
=l > A2 ‘
= [A— : C7 o
3 > Distance from ecological reserve —————> Benefit
O]
k2] 2 . 2 C8
= | Environmental %—N‘ Distance from local residents ~————> Benefit | A3 ‘
n S o—
&
=3 oxs 9
51 - Natural conditions ——> Benefit
e . — A4 |
" C10 {
> Land requirement ——> Cost ——
B SN Technical } Security measure | € Benefit
. C12
—> Transport convenience Benefit
( : - C13
> Capacity scalability ——> Benefit
- : C14
—  Resilience %—ﬂ‘ Policy support ——> Benefit
— C15
- Reliability ———> Benefit —
Goal Criteria ‘ | Sub-criteria ‘ Code ‘ | Type Alternatives |

Fig. 4. A three-level decision hierarchy for EVBRTS site selection.

5. Application of the proposed method

This section illustrates the effectiveness of the proposed BWM-CPT
method in capturing expert ambiguity and risk attitudes through a
case study, and the ease of use of the methodology proposed here
through a concrete demonstration of the application process. Potential
EVBRTS alternatives were identified through field research with com-
panies, and all alternatives are described in detail in the feasibility
report.

5.1. Case description

Driven by the principles of the circular economy and supportive
policies, the adoption of new energy vehicles has surged in recent years.
However, as the capacity of electric vehicle batteries decreases to the
point where they are no longer suitable for use in electric vehicles, a
significant volume of used batteries will need to be recycled. The recy-
cling of electric vehicle batteries is of the utmost importance. On one
hand, electric vehicle batteries contain hazardous substances and
precious metals. Improper disposal or indiscriminate discarding of these

batteries can lead to severe environmental pollution, posing risks of
harmful substances infiltrating water sources and the atmosphere. On
the other hand, these batteries are rich in valuable materials like
lithium, nickel, and cobalt, crucial elements in the production of new
batteries. Battery recycling reduces dependence on finite resources and
facilitates resource recycling by reusing these scarce resources.

Given the many benefits of electric vehicle battery recycling, there
are already many companies in the battery recycling business. A
renewable resource company, which is referred to by the pseudonym
Company H, plans to locate a suitable EVBRTS site to relieve the pres-
sure of increasing battery recycling volumes. Company H specializes in
recycling and technology development of waste lithium-ion batteries,
waste electric vehicle batteries, nickel batteries, disposable dry batte-
ries, etc.; battery recycling types include nickel-cadmium, nick-
el-hydrogen batteries, lithium-ion digital batteries, mobile phone
batteries, electric bicycle batteries, new energy electric vehicle batteries,
etc. With the increasing scale of business, the recycling centre faces
many constraints, such as inventory and sorting operations. Company H
therefore decides to build a battery recycling transfer station to acquire
part of the business of the recycling plant. The transfer station will be
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Table 2
Description of EVBRTS site selection criteria.

Criteria Sub-criteria Detailed descriptions Literatures

Economic Capital This mainly includes Pamucar et al.
investment land costs, construction [50], and Li et al.

costs, equipment costs, [36]
and project capital
costs.

Operation cost It involves wages, asset Lee et al. [35],
depreciation, operation Sherif et al. [63],
and maintenance costs, and Deveci et al.
etc. [12]

Distance from The proximity to Authors

recycling recycling center saves contribution
center transport costs as the

role of transfer station is

to store and sort waste

battery without

dismantling functions.

Social Acceptable It focuses on the Sherif et al. [63],
level acceptability of the and Mastrocinque

EVBRTS location to et al. [45]
surrounding residents.

Job It indicates the number Lee et al. [35], and

opportunity of jobs that potential Kannan et al. [31]
alternative locations
could bring to the
public.

Safety As used batteries are Govindan et al.

protection hazardous, specialized [20], and Sherif
equipment should be etal. [63]
provided to protect
employees.

Environmental  Distance from Potential locations Sherif et al. [63],
ecological should be away from and He et al. [25]
reserve farmland, water

sources, ecological
reserves, etc.

Distance from Potential locations Rahimi et al. [53],

local residents should be as far away and Sherif et al.
from residential areas as [63]
possible for safety.

Natural Transfer station Rao et al. [56], and

conditions locations should be Sherif et al. [63]
strategically located in
well natural conditions
to avoid risks of
flooding, cyclones,
drought, etc.

Technical Land Area of land occupation =~ Pamucar et al.
requirement at potential locations. [50], and Li et al.

[36]

Security Safety measures include  Authors

measure fire compliance, contribution
response plans to deal
with emergencies, etc.

Transport It includes the Feng et al. [16]

convenience improvement of the
surrounding
infrastructure, the
convenience of
transport, etc.

Resilience Capacity Potential locations Feng et al. [16]
scalability should have the ability

Policy support

Reliability

to readily respond to
rising capacity to
achieve economies of
scale.

Local government’s
attitude towards
environmental
enterprises, financial
subsidies, etc.
Reliability of potential
location infrastructure
and relationships with
sellers of used batteries.

Pamucar et al. [50]

Authors
contribution
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used to store the waste batteries collected, sort them, test their
remaining capacity, etc. It will not involve the dismantling of the bat-
teries or their subsequent disposal. To select a suitable location for the
EVBRTS, Company H has conducted prior field research on potential five
alternatives, which denotes A;(j =1,2,--,5). The key challenge for
Company H is thus to select the appropriate method to evaluate the
potential alternatives to obtain the optimal site.

5.2. Determining the criteria weights by the BWM

After obtaining the EVBRTS site evaluation index system (shown in
Table 3), the five experts gave the best criterion Cz and worst criterion
Cw, as shown in Table 4. Then the experts gave the evaluation infor-
mation BO and WO respectively, which are given in Table A1 and A2 in
Appendix.

The obtained values which are given in Table A1 and A2 in Appendix
are brought into the model P2 to obtain criteria weight, as shown in
Table 5.

Due to the differences in the experience and professional background
of the experts, it is necessary to give different weights to the experts, the
weights of the experts wX(k=1,2,---5) given herein are shown in
Table 1, and the final criteria weights are determined by the following
expression.

5
wi =y wwk (16)
k=1

where w¥ indicates the criterion weight derived from expert k. The
weighted criteria weights obtained are given in Table 5. In purpose of
easy to see the magnitude relationship between the criterion weights, a
histogram of the criterion weights was drawn as shown in Fig. 5. As
illustrated in Fig. 5, the resilience criteria have the largest weighting of
0.3063, while the social criteria have the smallest weighting of 0.1308,
indicating that the decision-making team preferred to achieve resilient

sustainable development of the site.

5.3. Determining the optimal sorting by the CPT

Each of the five experts gave an evaluation of the alternatives, as
shown in Tables A3-A7 in Appendix. The evaluation information is then
transformed into TFNs as described in step 1 of the CPT method. Then
the data is normalized by Eq. (8), defuzzified by Eq. (9). Then the
average value can be calculated by Eq. (10) and this average value will
be used as the reference point. Eq. (11) is next applied to calculate the
values of gains and losses for each alternative. Then the prospective
values of gains and losses are calculated separately by expression (12),
and decision weights for gain and loss are determined by expression
(13). It is worth noting that in expression (12) and (13), the parameter

Table 3
EVBRTS site evaluation index system.
Criteria Sub-criteria Notation
Economic Capital investment C1
Operation cost Cc2
Distance from recycling center C3
Social Acceptable level C4
Job opportunity Cc5
Safety protection C6
Environmental Distance from ecological reserve Cc7
Distance from local residents Cc8
Natural conditions c9
Technical Land requirement C10
Security measure C11
Transport convenience C12
Resilience Capacity scalability C13
Policy support C14

Reliability C15
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Table 4

Best and worst criterion determined by expert.

Applied Energy 373 (2024) 123897

a =4 =0.88,0 =2.25,7 =0.61, and § = 0.69 [80]. Next the prospect
values for each alternative were computed by Eq. (14), and finally the

weighted cumulative prospect value V; can be calculated by Eq. (15).

The final ranking of the alternatives is presented in Table 6. Therefore,
the best location should be alternative A4.

Fig. 6 depicts the performance of each alternative across economic,
social, environmental, technical, and resilience criteria. Evidently, each
alternative shows different performance levels across these criteria. For

Experts Best criterion Worst criterion

El Capacity scalability Land requirement

E2 Natural conditions Job opportunity

E3 Capital investment Job opportunity

E4 Policy support Security measure

E5 Capacity scalability Acceptable level
Table 5

Calculation of the weighting of criteria for each expert assessment.

example, Alternative Al excels in the environmental criterion but falls
short in the resilience criterion. In contrast, Alternative A3 shows
outstanding performance in the economic criterion but lacks in the
environmental criterion. Alternative A5 demonstrates the weakest per-

Criteria  E1 E2 E3 E4 E5 Final weights formance in both the economic and environmental criteria, whereas
a 0.0943 00802 02156  0.0991 0.0707  0.1108 Altﬁernatlve. A4 displays a mo.re balanced .p.erforma.nce. across economic,
a2 0.0943  0.0802 00437  0.0594  0.0942  0.0744 social, environmental, technical, and resilience criteria.
C3 0.0708 0.0603 0.0328 0.0743 0.0565 0.0582
c4 0.0404  0.0481  0.0875  0.0425  0.0202  0.0467 6. Analyses and discussions
C5 0.0472 0.0190 0.0187 0.0495 0.0354 0.0334
cé 0.0708  0.0481  0.0656  0.0425  0.0354  0.0507 ) ) e ) o
c7 0.0404  0.0401 00875  0.0372  0.0404  0.0491 In this section, the sensitivity and comparative analysis will be used
c8 0.0404  0.0401  0.0525  0.0372  0.0565  0.0461 to demonstrate the applicability and stability of the proposed method-
e 00404~ 0.1868 00437  0.0594 00471 ~ 0.0758 ology. Besides, the theoretical and management implications are also
C10 0.0203 0.0802 0.0656 0.0425 0.0404 0.0508 discussed
c11 0.0404  0.0481  0.0375  0.0212  0.0354  0.0363 :
C12 0.0404 0.0481 0.0656 0.0743 0.0707 0.0613
C13 0.2325 0.0401 0.0437 0.0743 0.2322 0.1245 6.1. Sensitivity analysis
Cl14 0.0708  0.1203  0.0525  0.2441  0.0942  0.1176
C15 0.0566 0.0603 0.0875 0.0425 0.0707 0.0642 . .
To further analyze the affect of parameter changing on the ranking
results, this paper performs a sensitivity analysis on the risk attitude
0.1400 -
0.1245
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0.1000 -
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Fig. 5. Criteria weights.
Table 6
The ranking of the alternatives.
Experts Results Al A2 A3 A4 A5
El Numerical results —0.0163 —0.1655 —0.2270 —0.0070 —0.7202
Sorting results A4 - Al - A2 >~ A3 >~ A5
B2 Numerical results —0.0611 —0.2694 0.1354 —0.3248 —0.6296
Sorting results A3 - Al >~ A2~ A4~ A5
E3 Numerical results —0.2021 —0.3719 —0.0156 —0.1125 —0.4656
Sorting results A3 - A4~ Al - A2 >~ A5
4 Numerical results —0.1933 —0.2943 —0.5090 0.1268 —0.2680
Sorting results A4 - Al - A5~ A2 A3
E5 Numerical results —0.0400 —0.3798 —0.0874 0.0758 —0.5569
Sorting results A4~ Al - A3~ A2~ A5
. Numerical results —0.1038 —0.3069 —0.1338 —0.0442 —0.5198
Weighted

Sorting results

A4 - Al >~ A3 > A2 >~ A5

10
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Fig. 6. Performance of each alternative in terms of economic, social, envi-
ronmental, technical and resilience criteria.

parameters a, f, 0, n and 5, the expert weights, and criteria weights,
respectively.

6.1.1. Effect of changes in risk attitude parameter a, 5, 6, n and § on results
In the CPT approach, both the prospect function and the decision
weight function contain risk attitude parameters of the decision maker,
so it is necessary to discuss these parameters. This section discusses the
sensitivity analysis of risk parameters for the following five scenarios. It
is worth noting that the analyses in this section are based on the ag-
gregation of expert assessment information following Eq. (9).

Scenario 1: Parameter «a is changed from 0.1 to 1 at intervals of 0.1.

Scenario 2: Parameter f is changed from 0.1 to 1 at intervals of 0.1.

Scenario 3: Parameter 6 is changed from 1 to 10 at intervals of 1.

Scenario 4: Parameter 7 is changed from 0.1 to 0.9 at intervals of
0.1.

Scenario 5: Parameter § is changed from 0.1 to 0.9 at intervals of
0.1.

Fig. 7 shows the results of the calculations for each of the five sce-
narios above. Apparently, these parameter variations have a significant
impact on the sorting results. For example, the results of the alternatives
decrease as the parameter a increases, and when the value of parameter
a is <0.9, the sorting of alternatives does not change; whereas when the
value of parameter a is between 0.9 and 1, the sorting of alternatives A3
and Al changes. Alternative ranking is most sensitively affected by
changes in the parameter 7. For example, when n = 0.1, the best sorting
is A1 >~ A3 > A4 - A2 > A5, and when 5 = 0.5, the optimal sorting is
A4 > Al - A3 > A2 > A5. Moreover, the sensitivity of the risk aversion
parameter 6 to changes in the ranking of alternatives can be found in
Fig. 7(c), which demonstrates that risk preference can influence the
EVBRTS site selection results. Actually, parameters a and  represent the
trends of gains and losses in the value function, respectively; the larger
the value of parameters @ and f, the greater the likelihood of a risk-
seeking attitude; while the lower the value of parameters « and g, the
greater the likelihood of a risk-averse attitude.

6.1.2. Impact of changing expert weights

Both the BWM and CPT methods involve the use of expert weights,
and in order to evaluate the influence of these weights on the ranking
outcomes of the alternatives, a sensitivity analysis is carried out. This
study selects several sets of different expert weight combinations, as
detailed in Table A8 in the Appendix. The sorting results of the alter-
natives under various expert weight combinations are presented in
Fig. 8. It is clear that adjustments in expert weights have no impact on

11
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the ranking of the top alternative, but they do affect the rankings of the
other alternatives. Expert weights play a crucial role in determining the
ordering of alternatives, especially when there is little differentiation in
performance among them. For instance, consider alternatives Al and A3
as depicted in Fig. 8. In light of this, decision-makers should allocate
varying weights to experts based on their knowledge background and
practical experience to ensure a more accurate evaluation of the
alternatives.

6.1.3. Impact of changing criteria weights

This section aims to analyze the impact of changes in criteria weights
on the results. The following scenarios with different combinations of
weights are considered: i) C1 criterion weights change from 0.1073 to
0.0773, C4 criterion weights change from 0.047 to 0.077, while the rest
of the criterion weights remain unchanged; ii) C1 criterion weights
change from 0.1073 to 0.0773, and C7 criterion weights change from
0.0505 to 0.0805; iii) the C1 criterion weight changed from 0.1073 to
0.0773, the C10 criterion weight changed from 0.052 to 0.082; iv) the
C1 criterion weight changed from 0.1073 to 0.0773, the C13 criterion
weight changed from 0.1185 to 0.1485. The results are shown in
Table 7.

Table 7 illustrates only a few potential combinations, highlighting
the varying impacts of different criteria weights on the alternatives. For
example, by lowering the C1 criterion weights and increasing the C10
weights, alternative A3 will be superior to A1. Consequently, alterations
in criterion weights have the potential to shift the evaluation results of
the alternatives, potentially relegating initially top-ranked alternatives
due to changes in specific criteria weights, or promoting initially lower-
ranked alternatives to the forefront as a result of increased weights for
certain criteria. Thus, fluctuations in criterion weights redefine the hi-
erarchy of the alternatives. Changes in criterion weights may introduce
bias into decision outcomes, as subjective increases in the weight of a
criterion can favor one alternative at the expense of others. To mitigate
the impact of criterion weight adjustments on the evaluation of alter-
natives, decision-makers should strive for objectivity and impartiality
when determining criteria weights. It is essential to consider the sig-
nificance and impact of each criterion, while avoiding subjective biases
and interference from vested interests.

6.2. Comparative analysis

This section delves into the reliability of the proposed method by
conducting a comparative analysis with other MCDM methods and
exploring different aggregation sequences of expert evaluation
information.

6.2.1. Comparison with other MCDM methods

In order to further validate the validity and flexibility of the method
presented, the method presented was subject to a comparative analysis
with three other well-known MCDM methods, namely TOPSIS [55],
MABAC [49], and weighted aggregated sum product assessment
(WASPAS) [4] methods. The ranking of alternatives are presented in
Table 8.

The TOPSIS, MABAC, WASPAS, and CPT methods each adhere to
distinct calculation rules. Nevertheless, they share common ground in
identifying the best and worst alternatives. While the ranking of alter-
natives generated by the TOPSIS and WASPAS methods deviates slightly
from the one presented in this paper. TOPSIS calculates the weighted
Euclidean distance between alternatives and the positive and negative
ideal solutions to determine their rankings, whereas the WASPAS
method integrates two renowned MCDM methods—a weighted sum
model and a weighted product model. In this study, a weight of 0.5 was
assigned to the weighted sum model and another 0.5 to the weighted
product model within the WASPAS approach. Conversely, the CPT
method incorporates a risk attitude parameter, and alterations in
parameter values yield varying rankings. For example, the ranking re-
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Fig. 7. Effect of changes in risk attitude parameter a, 3, 6, n and § on results.

sults obtained are the same as those obtained by TOPSIS and WASPAS
methods when the parametersa = 0.7, =0.88,0 =2.25,7 = 0.61 and
§ = 0.69. In essence, the CPT method is more flexible and responsive to
various decision-maker risk attitudes, thereby resulting in diverse
ranking outcomes. By adjusting the decision maker’s risk attitude, the
CPT method can potentially generate varying ranking results. On the

12

other hand, MABAC operates as a compensatory method where attri-
butes are considered independently, factoring in the magnitude of po-
tential losses and gains without explicitly accounting for the decision
maker’s risk attitude. The effectiveness and compatibility of the pro-
posed method are validated through comparisons with the TOPSIS,
WASPAS, and MABAC methodologies.
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Fig. 8. Impact of changing expert weights.
Table 7
Impact of different combinations of criteria weights on results.
Combinations Results Al A2 A3 A4 A5
(6] Numerical results —0.0769 —0.2489 —0.0897 0.0386 —0.4219
Sorting results A4 - Al - A3 - A2 - A5
(ii) Numerical results —0.0583 —0.2481 —0.1313 0.0733 —0.4516
Sorting results A4 - Al - A3 - A2 - A5
(iii) Numerical results —0.0941 —0.2445 —0.0745 0.0437 —0.4439
Sorting results A4 - A3 - Al - A2 - A5
(iv) Numerical results —0.0861 —0.2378 —0.1056 0.0531 —0.4224
Sorting results A4 - Al > A3 > A2 > A5
Table 8
Comparative results with other MCDM methods.
Methods Results Al A2 A3 A4 A5
TOPSIS Numerical results 0.5167 0.4256 0.5180 0.5604 0.3032
Sorting results A4 - A3 - Al - A2 - A5
WASPAS Numerical results 0.8260 0.8140 0.8443 0.8451 0.7781
Sorting results A4 - A3 - Al - A2 - A5
MABAC Numerical results 0.0466 0.0394 0.0454 0.1285 —0.0302
Sorting results A4 - Al - A3 - A2 - A5
The proposed method Numerical results —0.1038 —0.3069 —0.1338 —0.0442 —0.5198

Sorting results

A4 - Al - A3 - A2 - AS

The CPT method considers the decision maker’s attitude and pref-
erence for risk, which can better describe the psychological process of
the decision maker, and can also deal with non-linear preferences and
uncertainty, which is more in line with the actual situation of human
decision making. The TOPSIS method is simple and easy to understand,
and the calculation process is more intuitive, but it does not take into
account the decision maker’s risk appetite and psychological preference,
and may not fully reflect the actual needs of decision makers. WASPAS
and MABAC methods have the advantages of simplicity and intuition
when dealing with simple multi-criteria decision-making problems, and
are suitable for some more direct decision-making situations. The CPT
method is relatively more complex, requiring an in-depth understanding
of the decision maker’s psychological preferences, more cumbersome
data collection and processing, as well as a large amount of data and the
decision maker’s personalized parameter settings, especially when there
are high requirements for risk and uncertainty, which will increase the
complexity and cost of the calculation.
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6.2.2. Comparing various aggregation sequences of experts’ evaluation
information

This section delves into the impact of different aggregation se-
quences of experts’ assessment information on the alternatives. While
both the BWM and CPT methods entail aggregating expert evaluation
information, for the sake of simplicity in analysis, this paper focuses
solely on the influence of different aggregation sequences of experts’
assessment information on the outcomes within the CPT method. As
such, three distinct orders of aggregation are explored: sequence 1) the
aggregation order employed in this study; sequence 2) aggregation
subsequent to Eq. (9); and sequence 3) aggregation following Eq. (7).
The results of these sequences are presented in Table 9.

Obviously, different aggregation sequences have different impacts
on the alternatives. If the experts’ evaluation information is aggregated
in the first step, then some of the information may be lost, which brings
more risk to the evaluation. As a result, the later the aggregation of
experts’ information is necessary for the alternatives, so that unnec-
essary loss of linguistic information can be reduced.
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Table 9
Effect of different aggregation sequences on alternatives.
Sequences Results Al A2 A3 A4 A5
Sequence 1 Numerical results —0.1038 —0.3069 —0.1338 —0.0442 —0.5198
Sorting results A4 - Al - A3 >~ A2~ A5
Sequence 2 Numerical results —0.0831 —0.2417 —0.0845 0.0439 —0.4391
q Sorting results A4 - Al - A3~ A2 > A5
Numerical results 0.1633 0.1318 0.0334 0.1077 —0.1413
Sequence 3

Sorting results

Al ~ A2 > A4 - A3 >~ A5

6.3. Advantages of the proposed BWM-CPT method

By means of sensitivity analysis and comparative analysis, the inte-
grated BWM-CPT method presented herein has the below advantages:

First, BWM is relatively simple and intuitive to understand and use. It
does not require excessive data support and is sufficient to consider the
relative importance of different factors. BWM helps to prioritize criteria
by identifying the most and least important criteria, thus providing a
holistic picture of the relative importance of these criteria in the
decision-making process.BWM takes into account the subjective pref-
erences of decision makers and, by asking them to assess the in-
terrelationships between the best and worst criteria, provides a more
accurate understand the personal preferences of assessment experts. In
addition, BWM is a structured method that ensures transparency in the
decision-making process. The explicit weights of the criteria obtained
through this method can be easily communicated to stakeholders and
results are more consistent and reliable.

Second, the CPT approach describes how human assess potential
losses and gains when making decisions. Unlike traditional expected
utility theory, CPT emphasizes that human have asymmetric perceptions
of and responses to losses and gains, which better explains differences in
human’s decision-making behaviour. In addition, CPT emphasizes how
human consider a target reference point when making decisions,
assessing gains and losses based on the reference point rather than ab-
solute utility. In addition, the CPT approach takes into account psy-
chological factors in the decision-making process, such as risk aversion
and loss aversion, which on the one hand provides a more realistic
reflection of the way decision makers make choices under uncertainty;
on the other hand, the CPT approach takes into account a non-linear
utility function, which enables it to more accurately reflect decision
maker’s preferences, which is particularly important when dealing with
complex and uncertain decision-making situations.

Third, the proposed method is able to obtain stable results and has a
visualization of the calculation process. In the CPT method, decision
makers can adjust the risk attitude parameters to obtain stable ranking
results. The visualized calculation process is relatively simple and easy
to practice. More importantly, in real scenarios, there are often multiple
uncertainties and complex situations. By adopting an integrated BWM
and CPT approach for informed and robust decision-making results,
such complex decision-making environments can be better adapted to
improve the validity and reliability of decisions.

6.4. Theoretical implications

Several theoretical implications are highlighted as follows: i) This is
the first paper to present an analytical framework model for the EVBRTS
site selection evaluation indicator system, which contributes to the
identification of resilient sustainability criteria for EVBRTS site selec-
tion. Importantly, the analytical framework is an excellent reference for
the development of other evaluation criteria systems; ii) This study
developed a framework model for the location of battery recycling
transfer stations and provided a theoretical and informational basis for
the decision-making process of battery recycling managers; and iii) The
theoretical validation of this paper highlights the effect of the order in
which expert assessment information is aggregated on the ordering of
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results, showing that delayed aggregation of expert assessments tends to
produce more favourable results, which is attributed to the potential loss
of linguistic information during the aggregation process. As a result, this
paper provides a solid theoretical foundation for the optimal order of
aggregation of expert assessment information in alternative selection.

6.5. Managerial implications

This paper provides battery recycling managers with a decision-
making framework for the strategic site selection problem of EVBRTS
from a resilience and sustainability perspective, and provides important
managerial implications for the EVBRTS site selection, which contrib-
utes to the practical application of the proposed methodology.

First, this paper conducts an exploratory study focusing on the
location challenges faced by companies operating transfer stations. To
identify the optimal EVBRTS site, we develop an evaluation indicator
system comprising five criteria and fifteen sub-criteria, meticulously
refined through extensive discussions between industry stakeholders
and academia. Nonetheless, the dynamic nature of the external envi-
ronment may require adjustments to these criteria. For example, while
traditional site selection analyses emphasize sustainability, evolving
market dynamics warrant a focus on site resilience. Therefore, a resil-
ience sustainability assessment indicator system for EVBRTS sites is
established herein.

Second, the integrated approach proposed herein reduces the risk for
managers associated with site selection decisions. Traditional methods
such as TOPSIS, MABAC and WASPAS overlook the risk attitudes of
decision-makers and fail to capture the nuances of their psychological
behaviour during the decision-making process. In contrast, the CPT
method is used in this study to rank alternatives and help decision
makers to implement the necessary risk controls to prevent losses.
Furthermore, the parameters in the CPT method can be adjusted ac-
cording to the different attitudes of decision makers towards risk,
making the methodology highly flexible and stable.

Last, the sequence in which experts’ assessment information is
aggregated significantly influences result sorting, as elucidated in the
comparison of various orders of aggregated expert evaluation informa-
tion. Consequently, in practice, managers must recognize that delaying
the aggregation of expert assessments can minimize the loss of linguistic
information, thereby reducing decision-making risks. While some loss of
assessment information is inevitable during aggregation, managers can
mitigate this loss by employing suitable methods.

7. Conclusions

The recycling of electric vehicle batteries has attracted increasing
attention from academia and industry, aiming to promote sustainable
economic, social, and ecological development. With a growing volume
of waste electric vehicle batteries, urgent measures are needed to recycle
this surplus and mitigate adverse impacts on the ecosystem. This study
was initiated by a renewable energy company facing the challenge of
expanding its battery recycling business, as the current recycling plant is
insufficient to meet demands. Thus, there is an urgent need to establish a
suitable battery recycling transfer station to relieve pressure on the
recycling facility. To address this requirement, a framework model for
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EVBRTS site selection was developed, integrating the BWM-CPT method
and establishing a system of site selection evaluation criteria. The BWM
method was employed to determine the weight of each criterion, fol-
lowed by the application of CPT to rank alternatives. Sensitivity and
comparison analyses demonstrate that the integrated method developed
in this study provides a reliable scientific basis for a robust ranking of
alternatives.

The key findings derived from the paper presented herein are as
follows: i) the order in which the experts’ assessment information is
aggregated significantly influences the ranking outcomes. This is due to
the fact that there may be a loss of potential information in the aggre-
gation of assessment information from multiple experts. Typically, the
assessment information from various experts is aggregated in the final
step to reduce the loss of information; ii) criteria weights and decision
makers’ risk attitudes have an impact on the evaluation results.
Decision-makers evaluate potential losses and gains based on reference
points, and different risk attitudes lead to varying ranking results. As a
result, the CPT method demonstrates greater compatibility compared to
other MCDM methods; and iii) the application of the BWM and CPT
methods in EVBRTS site selection has stability and robustness, and the
evaluation indicator system framework model developed in this study is
applicable to the most transfer station location.

In this paper, the BWM and CPT methods are adopted to study the
problem of battery recycling transfer stations site selection, and the
significance of the study is highlighted in the following ways. 1) The
BWM method can help to determine the importance and weight of the
location factors and help the decision maker to evaluate the alternatives
more comprehensively, while the CPT method takes into account the
decision maker’s uncertainty about the gains and losses, which can
make the location decision more scientific and accurate and improve the
success rate of the decision. The application of these methods can
improve the scientificity and effectiveness of the decision on the location
of the battery recycling transfer station. 2) The study of the location of
the battery recycling transfer station can help improve recycling effi-
ciency and resource utilization, reduce the impact of waste batteries on
the environment, promote green development, and contribute to envi-
ronmental protection and sustainable development of society. 3) The
study of the location of the battery recycling transfer station embodies
the company’s awareness of social responsibility and sustainable
development. By making scientific location decisions, the Company fully
considers environmental, social, economic and resilience factors to
achieve the goal of sustainable development and make more contribu-
tions to society. 4) This paper provides a theoretical framework based on
the MCDM method for the site selection problem in the battery recycling
process, which fills the research gap of the existing research ignoring the
site selection in the battery recycling process, and contributes to the
sustainable development of the battery recycling field.

This paper offers a valuable tool for companies seeking to identify
the optimal EVBRTS location; nonetheless, it also presents some limi-
tations. First, the use of clear values to compare criteria in the adopted
BWM methodology may ignore the ambiguity inherent in the experts’
evaluation of these criteria. Therefore, it would be both interesting and
meaningful to explore the inclusion of expert-provided interval values

15

Applied Energy 373 (2024) 123897

conforming to a normal distribution to characterize assessment uncer-
tainty in future studies. Second, in the adopted CPT methodology, this
paper sets the value of the decision maker’s risk attitude parameter
based on previous research. However, since each decision maker’s risk
attitude parameter value may be different, determining how to measure
the decision maker’s risk attitude through a specific methodology can
greatly improve the accuracy of site selection. Third, this study did not
consider the possible correlations between the selected criteria.
Considering the possible interdependence of the criteria, the use of the
DEMATEL method to assess the importance of each of the evaluation
indicators in the system would be a worthwhile direction to explore in
future studies. Last, future research should focus on updating EVBRTS
standards based on practical applications. By integrating geographic
information system technology into site selection analysis, researchers
can consider factors such as geography, transportation accessibility, and
resource distribution to optimize EVBRTS locations. Furthermore, as the
body of literature on battery recycling site selection continues to grow, it
would be valuable to compile a review article summarizing the key
findings and insights in this field. This review article could serve as a
comprehensive resource for researchers and practitioners interested in
battery recycling sitting issues.
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Table Al
BO vectors for five experts.
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Criteria

E

1

Capacity scalability

E2

Natural conditions

E3

E4

E5

Capital investment

Policy support

Capacity scalability

Capital investment

Operation cost

Distance from recycling center
Acceptable level

Job opportunity

Safety protection

Distance from ecological reserve
Distance from local residents
Natural conditions

Land requirement

Security measure

Transport convenience
Capacity scalability

Policy support

Reliability

U AFRFNNOUNNNDROON A~ WW

AN UWHFHOOO U N U A WW

WA NBEODDUDWSA O WO

N+—=hADONUIOWO®ONON AU W

BAWHF HAONDUNO®O®O U W

Table A2
WO vectors for five experts.

Criteria

El

Land requirement

E2

Job opportunity

E3

Job opportunity

E4

Security measure

E5

Acceptable level

Capital investment 7 7 9 6 6
Operation cost 6 7 3 5 7
Distance from recycling center 5 6 2 6 5
Acceptable level 3 4 7 3 1
Job opportunity 4 3 1 4 2
Safety protection 6 4 5 3 2
Distance from ecological reserve 3 4 6 2 3
Distance from local residents 2 4 5 2 4
Natural conditions 3 9 3 5 4
Land requirement 1 7 6 2 3
Security measure 3 5 3 1 2
Transport convenience 2 4 5 6 6
Capacity scalability 9 4 3 5 9
Policy support 6 8 4 9 6
Reliability 5 5 7 3 5

Table A3

Results of expert E1’s assessment of alternatives.
Criteria Unit Al A2 A3 A4 A5
C1 $(10%) [40,50] [32,40] [24,36] [38,46] [39,48]
Cc2 $(104)/year [20,24] [17,22] [10,15] [18,21] [20,23]
C3 km 20 34 28 24 39
Cc4 - G VG G F VG
C5 - SG G VG VG G
C6 - G F SP G F
Cc7 km 13 11 8 15 9
c8 km 10 5 6 8 4
Cc9 - VG VG G SG G
C10 hm? 0.31 0.24 0.17 0.26 0.28
Cl11 - G SG SG VG VG
C12 - VG G F F G
C13 - SP F G SG F
Cl4 - VG G G VG SG
C15 - SG VG SP G F
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Table A4
Results of expert E2’s assessment of alternatives.

Criteria Unit Al A2 A3 A4 A5

Cl $(10%) [40,50] [32,40] [24,36] [38,46] [39,48]

c2 $(104)/year [20,24] [17,22] [10,15] [18,21] [20,23]

C3 km 20 34 28 24 39

C4 - SG F VG F F

C5 - G SP G F G

C6 - SG F G F G

Cc7 km 13 11 8 15 9

c8 km 10 5 6 8 4

(¢°] - G G VG SP F

C10 hm? 0.31 0.24 0.17 0.26 0.28

Cl1 - VG G G SG VG

C12 - VG SG F G F

C13 - F G SG G G

Cl4 - VG VG VG G SG

C15 - F G F G VG
Table A5

Results of expert E3’s assessment of alternatives.

Criteria Unit Al A2 A3 A4 A5

C1 $(10%) [40,50] [32,40] [24,36] [38,46] [39,48]

Cc2 $(104)/year [20,24] [17,22] [10,15] [18,21] [20,23]

C3 km 20 34 28 24 39

Cc4 - SP G G F SG

C5 - VG SP VG SG SG

C6 - SG SG F G F

Cc7 km 13 11 8 15 9

Cc8 km 10 5 6 8 4

Cc9 - G F G F G

C10 hm? 0.31 0.24 0.17 0.26 0.28

Cl1 - G F SG VG G

C12 - G SG F G SG

C13 - SP VG SP SG F

Cl4 - G SG G F G

C15 - F SG G G G
Table A6

Results of expert E4’s assessment of alternatives.

Criteria Unit Al A2 A3 A4 A5

C1 $(10°) [40,50] [32,40] [24,36] [38,46] [39,48]

C2 $(104)/year [20,24] [17,22] [10,15] [18,21] [20,23]

C3 km 20 34 28 24 39

Cc4 - G SG SG G G

C5 - G F G VG VG

C6 - SP VG SG G G

Cc7 km 13 11 8 15 9

c8 km 10 5 6 8 4

(&°} - G SG F VG SG

C10 hm? 0.31 0.24 0.17 0.26 0.28

Cl1 - G G F G VG

C12 - F SG G F SG

C13 - F VG SP F G

Cl14 - G F F VG VG

C15 - VG G G G SG
Table A7

Results of expert E5’s assessment of alternatives.

Criteria Unit Al A2 A3 A4 A5
Cl $(10%) [40,50] [32,40] [24,36] [38,46] [39,48]
Cc2 $(104)/year [20,24] [17,22] [10,15] [18,21] [20,23]
C3 km 20 34 28 24 39
Cc4 - G SG G G VG

(continued on next page)

17



J. Feng et al.

Table A7 (continued)
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Criteria Unit Al A2 A3 A4 A5
C5 - VG VG G G SP
C6 - G G VG G SG
Cc7 km 13 11 8 15 9
c8 km 10 5 6 8 4
Cc9 - G SG G G SG
C10 hm? 0.31 0.24 0.17 0.26 0.28
Cl1 - G G SG F F
C12 - F G F G SG
C13 - G SG G SG VG
Cl14 - G G F VG VG
C15 - SG F G VG VG
Table A8
Different expert weight combinations.
Cases El E2 E3 E4 E5
Case 1 0.2 0.2 0.2 0.2 0.2
Case 2 0.15 0.2 0.2 0.2 0.25
Case 3 0.1 0.1 0.3 0.25 0.25
Case 4 0.3 0.15 0.3 0.15 0.1
Case 5 0.6 0.1 0.1 0.1 0.1
Case 6 0.3 0.3 0.2 0.1 0.1
Case 7 0.1 0.3 0.2 0.1 0.3
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Scientific Management of Private Enterprises in Modern China

YAO Qing-tie! ZHENG Fei' LI Rui-yao'! GUO Ping®
(1. School of Economics,Nanjing University of Economics and Finance 210023;

2. School of Economics and Management, South China Agricultural University 510642)

Abstract: The Thought of scientific management began to be introduced into Chinafrom the
beginning of the 20th century. Until 1920—30's, the national entrepreneurs began to respond to
this thought extensively. An unprecedented scientific management revolution was launched in the
Chinese industry. One of its contents was to get rid of the traditional foreman system, but in the
actual operation, the effect of each enterprise’s change was not the same. Based on the theory of
knowledge transfer, this paper discusses the conditions and motivations of this change, the
mechanism of transfer and the different characteristics of knowledge application, and takes six
typical enterprises, such as Deda, housheng, Minsheng, Meiya weaving, Shenxin, commercial
press and Kangyuan can factory, as the objects to be discussed. Different knowledge Transfer
Stickiness lead to modern China In practice, enterprises have different ways of management
reform, and based on this, modern enterprises that have carried out management revolution are
divided into three categories: successful transfer, low transfer stickiness and high transfer
stickiness.

Keywords: Knowledge Transfer; Transfer Stickiness; Foreman System; Scientific Manage-

ment
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Property Right Structure of Foreign Enterprises in Modern China
——A Case Study of American-Owned Shanghai Power Company

CHEN Bi-zhou LONG Deng-gao
(School of Social Science, Tsinghua University 100084)

Abstract: The company property right is one of the core contents in the research of modern
enterprise history. Through the study of the capital structure and property structure of the
typical modern foreign enterprises, American-owned Shanghai Power Company, the
characteristics of the property right structure of foreign enterprises in modern China can be
deeply analyzed. The research shows that Electric Bond and Share Co. had acquired the complete
property right of its overseas subsidiary, American-owned Shanghai Power Company, with its
tight and complex capital structure. Under the ingenious design of the Electric Bond and Share
Co. , the property right structure of American-owned Shanghai Power Company was a joint-stock
company system with privileged stocks. The property right structure not only succeeded in
achieving the stable operation of the foreign subsidiary of Electric Bond and Share Co. , but also
was a typical case of the property right arrangement in the transnational operations of foreign
enterprises in modern China.

Keywords: Electric Bond and Share Co.; American-Owned Shanghai Power Company;

Property Structure; Joint-Stock Company System; Transnational Operation
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On the Growth of Pre-war Chinese Private Cotton
Textile Enterprises (1894—1937)

YAO Qing-tie" CHEN Qian' LIU Zi-heng' GUO Ping’
(1 School of Economics, Nanjing University of Finance and Economics 210023

2 School of Economics and Management,South China Agricultrual University 510642)

Abstract: The cotton textile industry, as one of the prominent private industry, gained its
growth sine late 19th century. Based on archives, this paper tries to analyze the characteristics of
growth of enterprises in modern cotton textile industry, and then focuses on the factors that
resulted in their growths. With the help of case study and grounded theory, the author comes up
with the detailed factors that played key roles of modern cotton textile firms. Finally the author
reaches the conclusion as follows: 1. Opportunities and resource-drive are the foundations for the
growth. 2. Unstable surroundings and managerial skills blocked them from reaching sustained
growth. 3. Merger and acquisition accelerated their growth. 4. Strategic entrepreneurship and
research & development guaranteed their technological innovation. What’s more, these factors
also give insights for the running of current firms in china.

Keywords: Business Growth; Textile Industry; Grounded theory; Factor Analysis
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